Reaction of 2-aminobenzoic acid with (N-isocyanimino)triphenylphosphorane proceeds smoothly at r. t. to afford 2-(1,3,4-oxadiazol-2-yl)aniline in high yield. The structure of this compound was confirmed by IR, 1 H, and 13 C NMR spectroscopy, mass spectrometry, and single crystal X-ray structure determination. The X-ray structural analysis of the product indicated that its aromatic rings are approximately co-planar.
Introduction

1,3,4-Oxadiazoles have attracted interest in medi-
cinal chemistry as surrogates of carboxylic acids, esters, and carboxamides. They are an important class of heterocyclic compounds that have a wide range of pharmaceutical and biological activities being, among others, anti-microbial, anti-fungal, anti-inflammatory, and anti-hypertensive [1 -5] . Several methods have been reported in the literature for the synthesis of 1,3,4-oxadiazoles. These protocols are routinely multistep in nature [6 -11] . The most general method involves the cyclization of diacylhydrazides with a variety of reagents, such as thionyl chloride, phosphorus oxychloride, and sulfuric acid, usually under harsh reaction conditions. Few reliable and operationally facile processes have been reported for the one step synthesis of 1,3,4-oxadiazoles, especially from readily available carboxylic acids and acid hydrazides [12 -16] . In the last years several synthetic methods have been reported for the preparation of (Nisocyanimino)triphenylphosphorane (CNNPPh 3 ) (2) (Scheme 1) [17 -18] . There are several reports for the use of (N-isocyanimino)triphenylphosphorane (2) in the synthesis of metal complexes [17 -18] . However, application of (N-isocyanimino)triphenylphosphorane (2) in the synthesis of organic compounds has not been reported. As part of our ongoing program to develop efficient and robust methods for the preparation of het-0932-0776 / 07 / 0600-0835 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. erocyclic compounds [19 -21] , we sought to examine the reaction of 2-aminobenzoic acid (1) with (Nisocyanimino)triphenylphosphorane (2) (Scheme 1). In this paper, we describe the synthesis and crystal structure of 2-(1,3,4-oxadiazol-2-yl)aniline.
Results and Discussion
2-Aminobenzoic acid (1) and (N-isocyanimino)triphenylphosphorane (2) in dichloromethane undergo a smooth 1 : 1 addition reaction at r. t. to produce 2-(1,3,4-oxadiazol-2-yl)aniline (5) and triphenylphosphine oxide (6) (Scheme 1). The reaction proceeds 
smoothly and cleanly under mild conditions and no side reactions were observed. The mechanism of the reaction between 1 and 2 has not been established experimentally. However, a possible explanation is proposed in Scheme 1. On the basis of the well established chemistry of isocyanides [22] , it is reasonable to assume that protonation of the zwitterionic isocyanide 2 by 2-aminobenzoic acid (1), followed by quenching of the cationic center by the conjugate base of the acid, can generate the iminophosphorane 4 [23] . Intramolecular aza-Wittig [23] reaction of the iminophosphorane 4 leads to the formation of the 2-(1,3,4-oxadiazol-2-yl)aniline (5) and triphenylphosphine oxide (6) . The structure of the 2-(1,3,4-oxadiazol-2-yl)aniline (5) was confirmed by IR, 1 H, and 13 C NMR spectroscopy, mass spectrometry, and single crystal X-ray structure determination (see Experimental Section).
Description of the crystal structure of 5
The asymmetric unit of the crystal of compound 5 contains two chemically identical molecules of 2-(1,3,4-oxadiazol-2-yl)aniline (denoted as A and B). The molecular structures of A and B are shown in Fig. 1 and a summary of the experimental details is given in Table 1 . The molecules are planar with r.m.s. deviations of fitted atoms at 0.051Å for A and 0.062Å for B. In both molecules maximum deviation from the least-squares planes is observed for atom O(1) [0.094(1)Å in A and 0.103(1)Å in B], which was also observed for the close analogue of 5, its 2-carbonyl derivative 5-(2-aminophenyl)-1,3,4-oxadiazol-2(3H)-one [24] .
The two parts of each molecule are almost exactly planar [with r.m.s. of fitted atoms of 0.001, 0.005, 0.002 and 0.009Å for oxadiazole and aminophenyl moieties of A and B, respectively, with maximum deviations less than 0.014(1)Å, and with an angle between the least-squares planes through oxadiazole and the aminophenyl moieties of 6.2(1) • for A and 7.2(1) • for B]. The geometry of the two molecules is the same 
105.44 (9) 105.41(9) C(2)-N(2)-N (1) 106.61 (9) 106.81(9)
129.78 (9) 129.15(10) Torsion angles: within experimental error, which is clearly indicated by the geometrical parameters listed in Table 2 and is easy to see when superimposing the molecular structures of A and B (see Fig. 2 ). Additionally, which is also shown in Fig. 2 , the overall geometry of A and B is very close to that observed in 5-(2-aminophenyl)-1,3,4-oxadiazol-2(3H)-one [24, 25] . The pyramidalization of the amino group is not so expressed as observed in crystalline aniline [26] . Both N(3) atoms lie nearly exactly in the phenyl ring planes (they are coplanar within 0.02Å in A and 0.03Å in B), whereas the hydrogen atoms are slightly displaced from these planes [the distances of atoms H(31A), H(32A), H(31B) and H(32B) from the respective Ph ring planes are in the range of 0.12 -0.23Å]. The dihedral angle between the planes defined by the amino group and the phenyl ring is 22 (2) • in A and 28 (2) • in B, compared to 37 -38
• in the crystal structure of the free aniline [26] and about 16 • in 5-(2-aminophenyl)-1,3,4-oxadiazol-2(3H)-one [24, 25] . The sum of the angles about N(3) is 355(2)
• in 5-(2-aminophenyl)-1,3,4-oxadiazol-2(3H)-one [24, 25] . All that indicates a rather small degree of pyramidalization of the amine N(3) atoms in compound 5, as well as in its close analogue, the 2-carbonyl derivative. There is also a slight shortening of N(3)-C(4) (1.376(2)Å in both A and B, and 1.373(4)Å in 5-(2-aminophenyl)-1,3,4-oxadiazol-2(3H)-one [24] ) as compared to typical C ar -NH 2(pyramidal) systems [27] .
The overall planar geometry of the molecules is stabilized by the intramolecular N(3)-H(31)···N(2) hydrogen bond forming the usual six-membered S(6) motif, also shown in Fig. 1 . It is possible that the intramolecular N-H···N hydrogen bond may be assisted by resonance, which is often observed when the hydrogen-bond donor and acceptor are connected by a short chain of conjugated single and double bonds [28] [compare the geometry of the fragment involved in the S(6) ring motif: Tables 2 and 3] . Similar intramolecular N-H···N contacts are observed in 5-(2-aminophenyl)-1,3,4-oxadiazol-2(3H)-one [24] .
In the crystals of 5, adjacent molecules A and B are linked by a rather extensive network of N-H··· N hydrogen bonds and C-H···N/O close interactions to form two independent chains (denoted as chain A and chain B), both parallel to the b axis, as shown in Fig. 3 . Most of the interactions are formed within the respective chain A or B, however two types of them, i. e. C(1B)-H(1B)· · ·N(3A) iv and C(5B)-H(5B)···O(1A) v [equivalent C(5B) ii -H(5B) ii ···O(1A) i is shown in Fig. 3 ], act as linkers between the independent chains A and B. The other weak contact, C(1A)-H(1A)···N(1A) iii , is formed between two adjacent chains of the same type A. Despite very similar overall structures of the respective chains A and B, the network of hydrogen contacts is quite different, which is easy to see in Fig. 3 . A short non-bonding, rather repulsive, inter D-H···H-X con- Table 3 . Geometry of proposed hydrogen bonds and N-H· · ·N, C-H· · ·N/O close contacts, and π· · ·π stacking interactions for 5 (Å, deg). (2) 150 (1) Symmetry codes: Beside different intra-and interchain N-H···N and C-H···N/O interactions, the molecules of adjacent chains A and B are stacked through π···π interactions along the c axis, with a ring-centroid separation of 3.582(2)-3.710(2)Å and the angles between the planes of the stacking rings in the range of 6.03 -7.27 • (Table 3, Fig. 3 ).
Conclusions
We believe the reported method offers a mild, simple and efficient route for the preparation of 2-(1,3,4-oxadiazol-2-yl)aniline (5) . The ease of work up, high yield and fairly mild reaction conditions make it a useful addition to modern synthetic methodologies. Other aspects of this process are under investigation. The X-ray structural analysis of the product indicated that the two aromatic rings of the molecule are approximately co-planar.
Experimental Section
General procedures
Freshly distilled solvents were used throughout, and anhydrous solvents were dried according to Perrin and Armarego [29] . Elemental analyses were performed using a Heraeus CHN-O-Rapid analyzer. 1 H (250 MHz) and 13 C (62.5 MHz) NMR measurements were recorded on a Bruker 250 spectrometer in CDCl 3 with tetramethylsilane as internal standard. IR spectra were measured on a Shimadzu IR-460 spectrometer. Mass spectra were recorded on a FINNIGAN-MAT 8430 mass spectrometer operating at an ionization potential of 20 eV. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. (N-Isocyanimino)triphenylphosphorane (2) was prepared based on a reported procedure [17] . Other starting materials and solvents were obtained from Merck (Germany) and Fluka (Switzerland) and were used without further purification. Flash chromatography columns were prepared from Merck silica gel powder.
2-(1,3,4-Oxadiazol-2-yl)aniline (5)
To a magnetically stirred solution of (N-isocyanimino) triphenylphosphorane 2 (0.302 g, 1 mmol) in dry CH 2 Cl 2 (8 mL) was added dropwise a mixture of 2-amino benzoic acid 1 (0.137 g, 1 mmol) in dry CH 2 Cl 2 (7 mL) over 15 min. The mixture was stirred for 6 h at r. 
Preparation of single crystals of 2-(1,3,4-oxadiazol-2-yl)-aniline (5)
Single crystals of 5 were prepared by using the branch tube method with n-hexane at 40 • C during two weeks [30] . The light yellow crystals were filtered off, washed with cold n-hexane and dried at r. t. (m. p. 145.5 • C).
Crystal structure determination of 5
The crystallographic measurement was performed on a κ-geometry Kuma KM4CCD automated four-circle diffractometer with the graphite-monochromatized MoK α radiation. The data were collected at 100(2) K using the Oxford Cryosystems cooler. A summary of the conditions for the data collection and the structure refinement parameters is given in Table 1 . The data were corrected for Lorentz and polarization effects. Data collection, cell refinement, and data reduction and analysis were carried out with the KM4CCD software (Oxford Diffraction, Poland): CrysAlis CCD and CrysAlis RED, respectively [31] . The structure was solved by Direct Methods using SHELXS-97 [32] and refined by fullmatrix least-squares techniques with anisotropic displacement parameters for the non-H atoms using SHELXL-97 [33] . All H atoms were found in difference Fourier maps and were refined isotropically. All figures were made using the program XP [34] .
Supplementary material
CCDC 635760 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
